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Spring calf:cow ratios have slowly declined by nearly 80% in many elk herds in northeast Oregon over the last 40 years, reducing recreational opportunities and limiting population growth of these herds. A fundamental question regarding these declines is whether hunting management strategies (i.e., hunter numbers and selection for older males) are linked in some way to these downward trends. In many wildlife management units, the post-hunting-season ratio of antlered elk to female elk has declined to <5:100 (Schommer 1991) . Declining calf:cow ratios for elk during spring in northeast Oregon precipitated a study to evaluate the influence of male age on conception dates and pregnancy rates (Noyes et al. 1996) . Results of that study indicated that females bred by older males (>3 yr old) conceived earlier and over a shorter interval than females bred by males <3 years old. Male age explained more of the variation in conception dates than the sum of nutritional condition, lactation status, and age of females.
Pregnancy rates in females did not vary with male age, and Noyes et al. (1996) speculated that perhaps female nutritional condition was above a threshold that influenced conception. Roosevelt elk (Cervus elaphus roosevelti) with KFI >60 had pregnancy rates of 93%, compared with pregnancy rates of 50% for females with KFI <60 (Trainer 1971 It was not feasible to replicate the initial trial conducted during 1989-1993; therefore, we conducted a second trial during 1995-1999 to validate our earlier findings. Our objectives were to assess the repeatability of our initial findings, determine the effects of male age on conception dates and pregnancy rates of female elk, and evaluate the interactions of female nutritional condition and male age. We used similar analyses presented in Noyes et al. (1996) to assess the second trial, and we present an expanded interpretation based on additional analyses that incorporate the nutritional condition of female elk.
STUDY AREA
We conducted both the original trial (1989) (1990) (1991) (1992) (1993) 
METHODS

Herd Management
We attempted to remove all male elk from the study area in fall 1994 and winter 1994-1995 using 5 controlled hunts and trapping on the winter feedground. We systematically flew over the study area on 5 and 6 September 1995 and located and killed 2 adult males. We also used an automated telemetry system (Rowland et al. 1997 (1991-1992 and 1992-1993) . Our population estimate is based on a model described in greater detail in Noyes et al. (1996) . We maintained a bull:cow ratio of the study cohort between 16:100 and 21:100 during the 5 years of the validation trial (Table 1) to minimize the effects of numbers of males, as we did in the first trial. We conducted hunts for spike male elk in early August from 1996 to 1999 to reduce the number of yearling males prior to the breeding season. Each winter males trapped on the winter feedground or in dispersed portable traps that were younger than the study cohort were released outside of Starkey. We fed alfalfa hay during winter at a maintenance ration rate of 4.5-5.5 kg/elk per day to those elk that moved to the winter feedground. During the years 1995 to 1999, the proportion of the female population that was supplementally fed was 33%, 25%, 23%, 40%, and 38%, respectively. Our objective was to minimize the influence of variable winter severity on elk reproduction by returning animals to the study area in similar nutritional condition each year.
Further descriptions of herd management are in Noyes et al. (1996) . This research at Starkey was in accordance with approved animal welfare protocols (Wisdom et al. 1993).
Reproductive Data
We collected reproductive tracts (uteri and ovaries), udders, lower incisors, and kidneys with associated fat from female elk killed by hunters in early December. We calculated conception dates, pregnancy status, and female nutritional condition (KFI) as described by Trainer (1971) . Conception dates were calculated by subtracting estimated ages of embryos (Morrison et al. 1959 ) from known dates of harvest. Dates were advanced by 1 day for the leap year in 1996. The same person measured embryos throughout the study to reduce observer bias. We derived estimates of female nutritional condition from a KFI (weight of fat surrounding the kidneys divided by weight of the kidneys) described by Riney (1955) and modified by Trainer (1971) to include all fat attached to the kidneys. We determined pregnancy status by the presence or absence of embryos or macroscopic embryonic tissue in uteri dissected under laboratory conditions. Lactation status was defined by the presence or absence of milk in the udder. Ages of adult females were determined by Matson's Lab (Milltown, Montana, USA) using cementum annuli counts (Keiss 1969 ) and from tagging records. We conducted blood tests for leptospirosis (Leptospira spp.) and brucellosis (Brucella abortus) to identify presence of diseases that may have affected elk reproduction. We obtained precipitation records from 1989 to 1999 from a weather station established at Starkey for the national atmospheric deposition program (http://nadp.sws.uiuc.edu/). We used precipitation from May to August because it is critical for vegetation growth (Skovlin 1967 (Table 3) . Pregnancy rates were not related to male age (P= 0.68) and were marginally related to KFI (P = 0.07).
Female Nutritional Condition.-The KFI of adult females differed among years (F4,163 = 5.87; P < 0.001), with 1995 higher than all other years (Table 4) 
001). Neither 2-way interaction term was significant (P> 0.07).
Of the main effects, trial was not significant (P = 0.24), but male age (P = 0.002) and KFI (P < 0.001) were significant. The largest differences in mean adjusted conception dates pooled by age of males (Table 5) 
DISCUSSION
Our study results indicate that no relationship existed between age of breeding males and pregnancy rates. The high pregnancy rates during the years when yearling males were the primary sires may be partially explained by the influence of nutritional condition. Age at puberty fluctuates with condition (Hines et al. 1985) . A higher proportion of females may enter estrus in years of high nutritional condition and place an increased demand on breeding males (Hines et al. 1985) . Nutritional condition of females was significantly higher in our study during the 2 years when breeding was by yearling males. Yearling males observed by Squibb (1985) were more sexually active and initiated 19% of the mounting bouts by males in a year of presumably higher condition compared with 5% of the bouts in another year. Higher nutritional condition was based on the presence of larger and more forked antlers. We do not know what the effect of poor nutritional condition in conjunction with young male sires would be on pregnancy rates in our study, although we would expect to see a decline. As reported in Noyes et al. (1996) , the nutritional condition of female elk at Starkey may exceed a threshold value for elk conception, and may mask the ability to detect a relationship between pregnancy rates and age of breeding males.
Results from the second trial confirm the effect of male age on conception dates observed in the first trial. As male age increased, conception dates became earlier, although the effect during the second trial was less because of the influence of lower female nutritional condition. Female nutritional condition varied during both trials but was significantly higher during the years when yearling males were the sires. In those years, summer precipitation also was higher than in other years. Kohlmann (1999) reported that conception dates were negatively correlated with body condition of females. Although we observed a similar relationship in general, females were in better nutritional condition during years with yearling male sires, yet conception dates were significantly later than during years when older males were the primary sires.
The regression model developed during the first trial (1989-1993) included 4 variables that were related to conception dates (male age, female lactation status, female age, KFI) and that explained 46% of the variation in conception dates (Noyes et al. 1996) . The KFI accounted for 7% of the variation in conception dates that was explained by the regression model in the first trial. The regression model from the second trial explained considerably less variation in conception dates and illustrated the difficulty in predicting conception dates from variables that fluctuate as a result of random year-to-year variation. In the second trial, KFI was lower indicating that animal nutritional condition was lower. This lower overall nutritional condition during the second trial may have exerted a greater effect on conception dates compared with the first trial. A more informative model is obtained by adjusting the conception dates for variable female nutritional condition and pooling the 2 trials. This resulted in a nonsignificant relationship between conception date and the interaction of age of males and trial, and thus the second trial validated what Noyes et al. (1996) observed in the first trial. The trend for conception dates to become earlier as the age of males increased was stronger when we accounted for female nutritional condition. Audige et al. (1999) monitored the reproductive success of about 2,600 adult red deer hinds over 2 years and developed management recommendations for farmers. Among their recommendations to achieve high pregnancy rates early in the rut was the use of experienced sires for mating as well as hinds above a threshold body condition score.
Although we were able to document a significant effect of both male age and female nutritional condition on conception dates, understanding the interactions and their influence on calf survival is more difficult. The length of the period by which 90% of the pregnant females were bred by yearlings as compared with 5-yearolds differed by 23 days in the first trial (Noyes et al. 1996) 
MANAGEMENT IMPLICATIONS
The effects of male age and female nutritional condition on conception dates necessitate careful interpretation of recruitment rates in spring prior to making management decisions. Interactions among age of males, nutritional condition, predation, and other disturbance agents may make it difficult to evaluate the reproductive performance of elk as a function of management strategies designed to increase the number of older males. Further research, conducted under a variety of experimental and field conditions, is required to assess the relative contribution of variables to calf elk survival in northeast Oregon.
Management of elk populations to provide older males may be based on a variety of reasons. Although we did not observe increased pregnancy rates with older male sires, we do not know the effect that low nutritional condition would have on the breeding performance by yearling males. Environmental conditions during the 2 years of our study unfortunately did not provide the opportunity to examine that relationship. Managers may be advised to manage for a range of ages of males to supplement or mitigate for the variable nutritional conditions that commonly exist. If an early and synchronous rut and birthing period are desired, mature males are required. In addition to affecting an early rut, providing older males is consistent with the social structure that elk evolved under and may satisfy aesthetic values of hunters and the general public.
